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(54) SAMPLE SEPARATING METHOD AND METHOD FOR ANALYZING 
SEPARATED SAMPLE OBTAINED BY THE SEPARATING METHOD 

(57)Abstract: 

PURPOSE: To shorten the time of analysis by performing 
focused-ion-beam (FIB) machining on the surface of a 
sample substrate at least at two kinds of angles, 
mechanically connecting the sample of analyzing part to a 
probe which is introduced from the outside, taking out only 
the analyzing part, and performing the analysis from the 
arbitrary direction. 

CONSTITUTION: An FIB 1 is orthgonally cast on the 
surface of a sample 2 and run in a rectangular pattern. A 
square hole 3 having the specified depth is formed in the 
surface of the sample 2. Then, the sample 2 is inclined, and 
a bottom hole 4 is formed. The sample 2 is set so that the 
sample is orthogonal to the FIB 1 again, and a cut groove 5 
is formed. Then, the tip of a probe 3 1 is brought into contact 
with the separating part of the sample 2. Thereafter, gas 7 is 
supplied through a gas nozzle 6. The FIB 1 is locally case 
on the region including the tip part of the probe 31, and a volume film 8 is formed. Then, a 
separated material 9 is cut out of the sample 2 with the FIB 1 . The separated sample 9 which in 
held with the probe 31 can be inserted into various kinds of analyzing devices differently with 
respect to the sample 2, and the separated sample 9 can be measured. 
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(54) [&w<Dfc#] a»<D^«*fts.t;c©^iB^ffiT#^^fiismro»«f^)i 



(57) 

JR&LXttttSOg&fc-fe-;/ hU TEM, S EM. S 
mm F I BlciSH&SI&fflirai&ffii:-?^ *n 

fb-aS©ftg*e.F I BTJDXL. #«r>ttag8£^ 

utem, sem, s iMs*<om<Dftm<nt>nz>. 






1 :**<*:/t-A 

7 : V** 
8:4M 
9 : 3fttt* 
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1 

tSt**l] KflW^ElCttU '>^<tt)2^(DS 
fc * ft g<D*m& £ «5fc-f * > K- A L T MEH 

£«A£ttfc:/n-:/£. #JB£*i*il3ia-g&l::#i!g 
U 9uEim©-ffi££ftT£«fcoKU;fc;r££ftffl«t 
•f3iifl©#lii£i£. 

T. mEK!|EK)D-gSi:«H27'D-^©S^£, SUM* 10 

[st**3] a*«iE«©K»o»«i^itiife^ 

T, »EK»©— *fc*E:/n-:/©8Mie. #x#g 
^T©««^ t- AJiStJ:: «fc 0 ^JfcLfc tf-A8 

[st**4] st#«i~3©^i*n^i«i:e«©a 

BCttHt^SMCiS^T. lWE«*-i :t>tf-AillI#, 
[»**5] ft** 1 E*©tit!R©#II£j£ IcfcV* 
CSt*« 6] St**lE«©K»©»IB3!rj£fc*lr> 

itsnfc 1 o <im«T©ff*-s*f «yn-^ 9 na» 
&*tfe&r«ttft©*MS#&. 

[it** 7] St**6E«OK»©»|||*fet*V> 
i§3 tl* C t £#&£T -Sg«Bf©#l»;ft!fc. 

[@t** 8 ] @t** i ~ 3 ©t>rna> 1 *ics«©is 

»©»«r*ttfc*^T, HlEtt*ffl-«ittE:/n-:/ 
t©ftj»«. #lR;*ftSit&©-fiS©ia#©=:&&^» 

©w &g ft c ± o wss-r « e t &m. t-rzunoftm 
urn. 

[St** 9] tt»©*Hfc#U ^<tt>20©S 

&* A£©£iaj*> em*-f m-l, &mtt UTtsaeii 

SficfcScU i9EK8©-«££i#U WE^D-^lt 
J:5C©3£«fttJ8T. M&KtJBlrvr. #«$nfca 

n oniE-a©Kv«ft«trr« s t **m£r*&m 
m 

cst**io] KW©*Hfc*fu 'j>u<t*>2-2o 

**«AflEO*rt*6«3|l-f*>i;-A*l«tLT»E 
tt»s**-f*>tf-Aiun:u «}ElS»©-fi8$^« 
UT»«r-r-5^»T*0, iUEKfl©-g?£#»-r*fl| 
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2 

*fc*«U ttBtt*©HKft£*U It. NEK* 

***AK©*l<W>6«*-f *>K-A*JiltLTl9E 
Kttfc^-f^tf-AaniU fi&Ettfl©-»£#l8 

tT»«T-rs^ST*o, fiEtt8©-ae#iBTsfltr 

SCttttl. HEK»©-«*3£»L. £©£8#81 
T. SIC, r.*-f*>»SfttT?#liLfcWEK»©ljE» 

[0 0 0 1] 

[g*±©*jfBtt»] *»M«K»©»»^»syt»« 
Lrz&m<oftmi5m\zm> mz*m&7x/\-<Dta£ 

Lizttmumzte-r « *>©•?*•&. 

[0 0 0 2] 

. [£*©&*&] LTv-f 

X. *vfX7*-H*# (1 9 8 9 m s 501~5 
0 6M (Microscopy of Semiconducting Materials Con 
ference, Oxford. (1989)pp. 501-506) fcH^Sft-5SfB*i 
*«. COXKTtt. SigSm^ffia^ (Transmission 
Electron Microscope :BSUTTEM) irSWnJtg&i* 
A (Focused Ion Beam :BSLT 
FIB) SHJfflLT^Offlb&WJE^SnT^-S. 
[0 0 0 3] ±E3tiK©S*rt«lC«kntf, H7fcjRf 
«t5»C. *«^««(H]S5^e.fi^»mmT«100 -500 
um<D^y^7 1 S^-f 7-=e>H • y-*fflViT«Jffl 
t. ^M©^'J y H 7 2 ( TEMMJRfflSBP^y ^ H) 
ICS^L, F I BSfiJfflUT^»yy7 1(C»K 

KH7 3tii>Mu -e©*ise^7 3£«TH- 

A7 4«fflWTTEM«fUTV>4. Bf. 7 5 \t&M 

[0 0 0 4] *fc-E-©te©fiE*ft^tUT. ^Dx-t 1 
<Otf7> - "f >9-ir*/a-f)\,' •J5-f7b*'Jx 
4—-y<(?4<!firZ' isy-RWK (i 9 8 9^) m 

4 3M~^5 2 H (Proceedings of International Reli 
ability Physics Symposium, (1989)pp. 43-52) 
^©XittTti. **-f*>tf-ASipJfflUTxAWX© 
SrBJDI&fTV*. SiC^3c'f*>SIS«E(Scanning Ion 
Microscope : BStTS I M) «tE€fflV»TIRBD«ji©* 

KfESEM (ScanningElectron Microscope :6StTS 
EM) lC«k*KS©0n?i&*. 
[000 5] 

[«?g*i»ttUJ:^i:-rsSJS] «*©TEM«gET 
tt. Hff«:5lfS»C«k0»KfttTeS*fT 
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3 

b*>b. Mrffiffifc^tJfiS&minTilIlOO ~500 um 

fcttBfsxgai&Etsn, ^swoswss^^x 

^©fcJ&IOxA-SfJSirtlCfc 
*. *&y*7t>K'V-fc£©««JQITtt. MX 
HlBityt-pam&frZtm&wo um&rfizm<la 
x-rmt\tmmr$>o. mmaxim < mnttfr? ft 
89©8B#£f i B-cjqi-r*fc#. -ewjiiifSKatg 

[0 0 0 6] *£*©0rBSEM«grai. eSmttSg 
BbT. -£-©§5BBB£&£bT<A;t. -£-©&»Jjlig©® 
m<OBfSS:a3S-r-5<D(iffl38-Cfct5ifc. I?r&bfcjg2© 
ftJfeBffili. tm©tt£ffifi©Nffi&«rc£«A-Vff 

ff^«{ffffiSS^-r^>cDttHji-p»0. «A«n>^^h 
?L©#¥lffffifc£ttKS?T2ffc^<hl^ bT 

[0007] *%w<ommt. akmrntof-yf+^mi* 

£x/\-ft©ttjt©/S£#flrT£l&l::. 
[0 0 0 8] 

1. #«EKfc*iatt©#Si;fr)fc«. 8mo%WlZtt 
b. ^fc<£*>2 0©gfc5«£©#fi*>e>£JfH':i-> 

^o-ajsr^Si-r-sfecDT, fsm©-gB£#«s-r*ttr 

©<£HIC#«ia8£»jgU i£fc#«ii»©3S»&ttj8 

©gait-*-**)©-?**. 

2. IWe*Hi#fcK:iJHT. #i;b<tt, B8©-SB 
£7n -?©&!££. *JR-f*>tr-Alini»rj:oa4 

a*T©*m-f * > e-AH*t fc J: OMtfLLft K- Aft 
SftftftlcJiOfrS. 

3. WaE©*»**ttlz*HT. $f*b<tt. «JjE-f 

4. i}E<D»»^aic*ViT, $?£b<«. tt*Hi* 
XfcfilfflbTftfciSn*. 
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4 

5. *BEIc&*Kfl©#*r;fri£tt. iSHro^litctt 
b, &U<th2-z><DM i teZfiBi<Dl3fafr*>m!&'(*> 
£-A*ftftbTttft««JlW*>£-AiM:U 

©-««#« bT#*r-r d. 6tfl©-ss# 

*-«t*«lb. Kft©-«*30»U 7a-7tzJ:& 

-©xftt*S8-e< gs?a*ffl^T, #«sn;tii&© 

-«©8r®&«gS-r-5 t>©T&*. 

6. *ftftCff«:Ktt&tftt©#«T#&tt. ft*©* 

BlcStU &tt< tt>20fflSft5ftft©^|pJ*>6«* 
b. K»O-**#HbT»«r-r**J6T*0. ii#© 
»«*n*-»t»*b. Ktt©-ft*$ftU MIC. 

tm©-Sfc*Hwa»*xtt#nbfc«fca#wfc» 
r^u r©i*«a?aaaffi*?ffi*itT«i«*-r-5t) 

©T*-5. 

7. *ftftfc«*Hfc*ttH©»*r#tttt. fit*©* 

Bicttb. d>fc< £fc2'3©ft&aa«©;&iaij4>&*jfc 

•f*>lf-AS8a»bTtt»S*j|£-f*>t-AilDI 
b. tftf ©Hte#ftbT#tf-r D. iflfl© 

-f&zftmtzmz. ^«*6»xsn&^n-yft. 

#ft*n*-«fc»«U tW©-«*3d9b. 
fcttBST. Kfc. -*^*>#fffc-C#8lbfciaft©fi£ 

±B©»K. *X«lCffi£tm©dB«&&tf£tf£& 
KJclXtt. ±£Sfte&£-r«fc©. BflSSESBICW 
b4>fc< £*>-««©£«*» 5 F I BJDIU ##rg?£ 

mxLft^a-y izftmm z ««w ± s \z 

m&Vfz. Sot, t&ftZftmitt&\i7a-7<D&W) 

izxQftmun&s&iz&wi-rzzLttfTgz. 

[000 9] 

■BI©ft*j8*6F I BJnX-rsrtT, KttS«.!:#*T 
SSfc^tf ft/M*ft t jJ»«ftWC0-ftf* J; 5 lc«ricS n 
3. *fci!©ltft©-*»ft©«fciiV»T. S»J<iCnS5 
*6»Ab&^n-^c»*tt»*«tH«KWILT* 

K»*tt*©ffiB»ca«-r^Ct*tT€-5. yn-yt 
ffi^$nfe»«afitt5c©tt^*«<!:tt8>JffltC. #«© 
»«f«HlC*AbTjH3£-r-5^t*«Blt|-C*D. »ff(C 
Sbfc^ttlcSiDirs^t'fePltETfe-S. fttR 

«©tt»sffitt, -€-neft««$n*^©-p. te©»w 

■?>iilnJ©yD-feXS:ig-rca:»*«I^-C*-5. F I 

ae*©a«iiDiicj:s»iii^)Stcjt«bT#«ic 

/h$<-r-5it^Tlr-5. •tWfcs&TEMSS©^:©© 
[0010] 
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5 

l&mn &TF\Z. *58WO^««l€Hl-H6S#II8 

hiti*>\t. u>t>vu>xi o i tnmi>xi 

0 6ICit)F I Bl(!:?SoTKff2±fC*m$n^c 2 
OCDl/>Xl 0 1,1 0 6©Wl3tt, "1^7/^-^^ 1 
02, 7^t-Xf>fy7103, 7?>*104> 
x7l^*l 0 5«^ntl^. ^7A-ft 1 

0 2£ttttDCftgl 02arf>t, :/?>*i 0 4fctt:7 
7>+>^'7>yi0 4a^ ^71^*1 0 5lCl* 
flftMfflfltl 0 5 art*, ^nftitti^nt^^, 

[0 0ll]a(5f2H 2tt (X, Y) *|fijt»»plffi 
^r-y 1 0 8±lCi5^T, C<DXt—zS 1 0 8(Cg 

^n^smsteSBi 2ooHK«ifcH*aftTv» 

S. Xf-^10 8^»H Xf-y»fl»108a 
U^rafegfil 2 0O®ett«Xx~vl 0 8 
[0 0 12] 10 7tt»XfiTf. #Xagl0 7^*>8£ 

Lfc#* (W (CO) , ) a, ^xyx^8tcJ:0Fi 

B 1 ©Kffffi»«COiS«H»^n^. 10 7^ 

X2Sffl®8Rl 0 7 a£<fc0fflfll3ttS o F I BCDflfcKc 
J:Oa«2<D^iS^^5S^L,^^*^tt, 

usi o ^{c^o^ia^n^ -^«^«fflsio9^ 

£tf>-;*m^i^£A/D&&U F I B0fifflMft£ 
NSSLTn>k!;x-*l 1 OOHfM^UlCWD&tJC: 
tJCcfcO, CRT1 1 0 a±(C^<^>®ai« (Scan 
ning Ion Microscope: BSLTSIM) Ici-Sft^^ 

an*. 

[0 0 13] 7-eal/-^112H ®4\Z9jk?&? 

\z. 3Vc<o/u^)iym&mmT3 o£9 o° r^ft 

D-73 1 £g»UT^*o yn-^3 10>fc«86Bte> 
«ttfcJnX*ftTH*. MtcA^Wtc, ^d-^3 1 
11, 5 0 /tmH±O»*Wt5*^-«t, CO* 

03l:^9i:, vzfal/-^ 1 1 2 

[0 0 14] ±Mn>\£ 3.-^ UOil vXxAAX 

1 1 1 SfrbT^MT/t-? 1 * 1 0 2<B«D»», 77 
U** 1 0 5fc«k3fcf-A0flfi»f^ -^a^tatas 
1 0 9^^0{t#«ffl, 7rtal/-^ 1 1 2CDBI6, 

[0 0 15] iBtMEfctffSF I B&tKffl» 

TfS**2£irax-r*o Bitt. M2K»littlt 
dtrtt»0-»«:#JB-r*xa (a) - (g) fc^Lfc 

»0, #l8<*nfct4fl<3-88£* «T rftftKftj 



5-5 2.7 2 1 

6 

5. EtTfl, #IIG>*HSXS (a) - (g) tcftoT 
[0 0 16] (a) K^20^ffilc^bF I B l«qt 

1 b 1 un&m\zm%<Dm2<DfiK 

3 £J&t£t,'i 2>. 

(b) K82©£ffilC*fr*FIBl©ttoWKj7 0* 
MftT«J:9lc. tm2&tt*2tt. &K4ZMf&-r 
*. K«2©«*WI©!5»3EEtt, tSfi[5)<sgH 1 2 0 

(c) lt*2 0£»££XL SMSf2©2lB*lF I B 

(d) 1 2SBKU 1 
©£*!£. tt»2©»«-r-5«»fc»*3-&S. 8«L 

&*>sa>fctH»T©«^£fc:H»Ttt. aiisns. 

(e) ^XyX;P6*^W (CO) e j}Z7&QUfe 

U F I B 1 £, 1 <r>9am^tsmmzwi 

BfttfcJBMb. *fflSS8&^fiE-r5. 85««8UX$.-Si$ 

«an*. R»2©^*as»trD-^3 \0>nm\fo 

(f) fib i rao ©»«•*«*: #jdiu W&2 

tt. SiK5n&^D-^3 l-C$ft3*-l&#*ICtt«. 

(g) 1 2£K»U #*lttt9& 
3fS©S3flC»«iSU5. 

±EH«Wfc*JV>T, F I B 1 ©imil'J TSrft^TS 
SR. ^«>JnixU7£#trfH£*F I B lT^X^itS 

ftJHLfc. -&$^©1&ffl«. r:£«?&ffi83l 0 9lz 
•fcrjTfrfcnS. S I Mft*ftffll,;fc:tm&H©£n' 
(X. Ytt£6l) fc*»t*iniXU7©«ttMJtl*«« 
SlCfrSCi:**-?**. L*»U :/n-:/3 litt«2 

BST*-5. -TftfcS, F I B'107*-*X« 

ffi©avMc<k o z MDMiciirs fe-sss©fii«^# e 

[0 0 1 7] S£oT*ll!S^TH. 18 (d) IC*^ 
T. ^n-^3 1 £i*«tt©t)©i:U -tn^^fila* 
^UT«ffi!g («E&VsttS) 7a- 

^3i©«fir», ^d-^3 i*5s*R2 tmmvx^fi 
»mmws tut), mmLTzmmn2am& m 

ift€<4) tUi. cntCiO. Stt^D-^3 1©S 
I M«©tt£W /, Ul'££'ftS-ti--££i&. c:©w^ai{b 
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7 

[0 0 18] §J0fflbfc»(8IS89tt. •£©*£, *<DWi 
WZnifF I BDDI mm¥-&\Z£Ztt±.'>f!jaJL) 
U 0rffi«jg£SEM GfeSSmTSSSSi) TSSL 

©Wjfi&S&T* *£Jtfll:J: 

-7 3 1 lC«&3nfc#S!H*4 9 tt. K# 2 tlJJ3iJ<@iC 

£«©*hjt88 kip a LTSurr srt a*pjire;& * . 

IC#(BK$f 9 £ilDX U CAT (Composition Analysis 
by Thickness-fringe) StCtO. fflfiE#$rfa C <t fc 

[0 0 19] 02Ji, W«BHIt«tH«©*jiTK»2 
©-ffi£#-»U *CD»«K»9STEMS«fSBW 
■P«IMkbfc*«i«**r*«H-P*-B. IS (a) IC 
*an««fc5fc$HBtt89©-«9 a®Wm*< 
Sn*. (b) If, *NIKtt9tt. Sfc«9a 

SFIB1 TJMMtSftS. #«iS**9®-8&-9 a*». 
TEM©aSl:45. *H«f«JlC«fcn«, KS2©fi.1t 

©aw ^ e. t e Mtttt$$&i::tt d tar c t 

[0 0 2 0] 0 5 fc¥*#9xn- 5 2 fc» LM©T 

EuftmzHottmmmzK-r. comment* #m 

jS5 0a~5 0e, 5 1a. 5 1 b Z-Ztl^tlStiWh 
Kflt. 2A->£#BIU 02£H«© 

¥ffiic«fco. tn-en«'»iwm*«Rfl:bfc«. te 
ictsa-iii^s-m. itt©£xA-©*a*s£sw)# 

SHBTSUfcj&i-CSS. *fc#*nGL5 l a. 5 1 bteifi 

i/*>u *^9Jicj;2.»«i^ffi^fijffl-rn«, 2o©k 

flfcfIS;: TEM««*«Bl|gi:ft:o&. 
#tfr#&©fc»©!4iR88#£#J8l,/fc&. 9iA-|# 

[0 0 2 1] «e©#SWW|Tlt^o-ytlxTA«« 

iOi . Al, WI?©^D-^SfiJffl-r-5J:tt)T# 
*. **#7n*x<fcfiM8'r*fc, »«©}»ofc^D- 

^©»«tt. »*©»-s*^-at»<a«ft^D- 

[0 0 2 2] 06 (a) ~ (b) IJ. *589JICJ:*»« 



5) §if5-52721 

5 

s:ia?g-r.5fc»©iigigT*^. ®mi,&ot-rz\-? 

5. 

[0 0 2 3] (a) »<t£©*|Rtf#l;:Aft6 1*F 
I BinxT-a. 

(b) iraifcft6 llz. #fBKf46 3 (W;ltfh?> 
!0 y^yH*FIBCJ:0«WrLT»»tt»6 3tftA6 

i rtiasr. 

( c ) 6 3 ±<Dimt?-y 7£fi±©E«! 6 

o*. &ttE86 2ic«fcomattic}&!rrs. 

6 2 6 3t^«K:v-KaU-^C±Dj8« 
U KttttW (CO) e #X£ffl&T©F I BJWfflRIt 

[0 0 2 4] SU«E>£3C; #8WiC«fc.5#||t#S;£?iJ 

#«U *RU ffi©^?:/rt©BrS©«BrfcS»£aii- 
» SCI 

[0 0 2 5] #fltm©{Mft0f;*:*fr>«&. #«©£© 

cf i BiB.x-rsffl»©(t«t)**<&a. ±EHifiw 

TftiF I BHDItLT»a»»:XA.y^U>^«a©* 
©«fc5fc«£> F I BHDI«fi»fcK*:ifx*i»AU 

±a*. *!*»©«« *h set arc**. 

[0 0 2 6] 

[Smothm K±©ttWT935*^J:5lC. *56Wlc 
r*W»C. F I B£^T&Bfcffi?r©*&S)tHU R 

^stTaa^««s©**»n-e*5. 
©«3fc«jai-rsct^-p$, j.t)»«it»©^»stt 

*©«»fc*Mr«Ct*«T**fc»&. TEMtiS^© 
»*f*«BllBt*2.. SICF I B©JPI®«*J»«f»«ffl 
©CT<«ffl©*T*Sfc»S«©«ADXfr**til>a<. 

[09©fBim^ie^] 

[hi] *&m\z&zftmj}moftfR¥m$:m-t$m® 
[02] TEMiDeE^i8ftim©5NwnxM««-rmn 

0-C»S. 
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